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(54) Thin-film capacitor element and electronic 
is formed 

(57) In order to provide an electronk: circuit board 
capable of preventing the breakdown voltage of a ca- 
pacitor element from dropping and excellent in high fre- 
quency performance, a positive type photoresist is spin- 
coated overthe surface of an alumina substrate (1) and 
is exposed to light and developed to form an insulating 



circuit board on which thin-filmcapacilor element 

layer (5). partially followed by fonmation of a capacrtor 
elemen by successively stacking a lower electrode a 
SreSic layer (3) and an upper electrode (4) over this 
insulating layer.furtherfoltowedbyformatonofa^^^ 
anceelement(13), an inductor element (14) andatrans- 
mission line (15). each in afilmy state, over the surface 
Of the alumina substrate. 




Description 

Baclcground of tlie Invention 
1 . Field of the InvenUon 

[0001] Tile present invention relates to a tliin-film ca- 
pacitor element for use in small electronic circuite and 
an electronic circuit board over which, together with this 
thin-film capacitor element, thin-film circuit elements 
such as inductor elements, are to be fomied. 

2. Description of the Prior Art 

[0002J In recent years . along with the advancement 
of integrated circuit technology, downsizing of electronic 
circuits is further proceeding, and there have been de- 
veloped small electronic circuit boards over which ca- 
pacitors, resistors, inductors and the like are to be 
fomned as thin films. 

[0003] Substrates for such electronic circuit boards 
can be made of a monocrystalline material such as sap- 
phire ora sintered materialsuch as alumina. As alumina 
IS relatively inexpensive and excels in high frequency 
perfomiance among these available materials high fre- 
quency devices extensively use alumina substrates 
Over an alumina substrate, various required circuit ele^ 
ments are fomied in a filmy state. For instance, a ca- 
pacitor element is configured over an alumina substrate 
by successively stacking layers of a lower electrode a 
dielectnc layer and an upper electrode. A resistor ele- 
ment IS configured by fomiing in a filmy state a resist- 
ance layer of a desired shape over an alumina substrate 
and forming, also in a filmy state, electrodes at its two 
ends. An inductor element is configured by fomiing in a 
filmy state a metallic film of a desired shape over an alu- 
mina substrate and fomiing, also in a filmy state, elec- 
trodes at its two ends. Further over the alumina sub- 
strate path, a transmission line is fomied as an electro- 
conductive pattern, and this transmission line is con- 
nected to the respective electrodes of the capacitor el- 
ement, resistor element and inductor element. 
[0004] Fig. 12 isaplan of a conventionally known thin- 
fl m capacitor element, and Fig, 13, a sectional view 
along line 13-13 m Fig. 12. As these drawings show a 
conventional thin-film capacitor element consists of a 
stacked structure of a lower electrode 31, a dielectric 
layer 32 and an upper electrode 33 formed over a sub- 
strate 30, and the capacitance of the capacitor is deter- 
mined by the range in which the lower electrode 31 and 
the upper electrode 33 overiap each other. 
[0005] The lower electrode 31 is foimed of Cu or the 
like sputtered or plated over the substrate 30 and etched 
into a desired pattern shape. The dielectric layer 32 is 
fomied of SiOg or the like sputtered or chemfcal vapor- 
deposited overthe lower electrode 31 and thesubstrate 
30 and etched into a desired pattern shape. The pat- 
terned dielectric layer 32 extends to overthe substrate 
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30 via the top face and side faces of the lower electrode 
31 . The upper electrode 33 is fomied of Cu or the like 
sputtered or plated over the dielectric layer 32 and the 

. substrate 30 and etched into a desired pattern shape 
me patterned upper electrode 33 extends to over the 
substrate 30 via the top face and side faces of the die- 
lectric layer 32. 

[0006] Incidentally, one of the requirements for such 
a thin-film capacitor element concerns the breakdown 
10 voltage between the lower electrode 31 and the upper 
electrode 33, If this breakdown voltage is below the re- 
quired level, the thin-film capacitor element will be bro- 
ken down at a low voltage and can no tonger operate as 
IS T''-:- . '"*®'«'°wn voltage is heavily dependent on " 
the thickness of the dielectric layer 32 inten/ening be- 
tween the two electrodes 31 and 33. Increasing the 
thickness of the dielectric layer 32 would raise the break- 
down voltage, but In the conventional thin-film capacitor 
element described above the dielectric layer 32 be- 
^ conries thinner near the comere of the lower electrode 
31 (see section P in Fig. 13) and thereby invites a drop 
of the breakdown voltage. This is due to the circum- 
stance that when the dielectric layer 32 is formed over 
a level gap resulting from the etching of the lower elec- 
trode 31 , the coverage of the dielectric layer 32 is ad- 
versely affected near the comers of the lower electrode 
31 . Especially where the dielectrk: layer 32 is formed by 
sputtering, it is difffcult for sputtered atoms to adhere to 
the vertical face of the substrate 30 with the conse- 
30 quence that a drop orfluctuations of the breakdown volt- 
age become conspfcuous. 

[0007] Although the dielectrfc layer 32 can be im- 
proved by thinning the lower electrode 31 to reduce the 
tevel gap, thethinnerthe lower electrode 31 andtheup- 
35 per electrode 33, the greaterthe resistance component 
Of conductors in series, which would give rise to another 
problem of an lowered Q value of the thin-film capacitor 
element. Or if the overall thickness of the dielectric layer 
32 IS increased, the breakdown voltage can be prevent- 
^ ed from dropping, but the thteker the dielectric layer 32 
the smaller its capacitance per unit square measure Ac-' 
cordingly, the thin-film capacitor element will become 
bigger and. moreover, as a greater thfckness of the di- 
electnc layer 32 does not sen/e to stabilize the shape of 
coverage, fluctuations of the breakdown voltage will re- 
main. 

[0008] In the conventional thin-film capacitor element 
descnbed above, the capacitance of the capacitor is de- 
termined by the range in which the lower electrode 31 
and the upper electrode 33 overiap each other (the rec- 
tangle of B X C in Fig. 12), When the lower electrode 
31 and the upper electrode 33 are etched into a desired 
pattern shape, the size and alignment of the two elec- 
trades 31 and 33 tend to be advereely affected in accu- 
racy by fluctuations: in side etching quantity and etch 
rate, giving rise to a problem of fluctuations in the ca- 
pacitance of the capacitor element. This problem is 
^ moreserious with thin-film capacitor elements of smaller 
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capacitances, because a smaller capacitance means a 
smaller area of overlap between the '°««7'f^=»"'^^^31 
and the upper electrode 33 and accordingly the impact 
of accuracy fluctuations of etching and overlapping on 
the capacitance increases in relative temw. 
[00091 Although an alumina substrate used in this 
kind of electronic circuit board has the aforementioned 
advantages, at the same time it is inferior in surface 
smoothness to sapphire and other monocrystalline sub- 
strates The surface roughness (Ra) of an alumina sub- 
strate of 99.5% in purity, for instance, is 30 to 1 00 nm in 
terms of unevenness. As a consequence, when a ca- 
pacitor element film isfonmed over an alumina substrate 
whose surface smoothness is so poor, the thickness of 
the dielectric layer formed over the lower electrode be- 
comes partly thin, resulting In a problem of a significantly 
lowered breakdown voltage. 

[0010] In view of this problem. In order to smoothen 
the alumina substrate surface, there are known such 
methods as mirror-grinding the wholesurface of the a u- 
mina substrate or coating it with an insulating film of a 
high molecular material or glass . However, the grinding 
method involves the disadvantages of leaving smaH 
dents between crystals in the alumina substrate and 
moreover, as an alumina substrate is hard, taking a long 
time On the other hand, coating with an insulating filrn 
creates no big problem to the capacitor element, which 
Is a capacitive one among the various filmy circuit ele- 
ments and transmission lines formed overthe insulating 
film because the dielectric loss of the insulating film of 
a high polymer or glass , it does, however, invite in- 
creased dielectric losses in other resistance elements. 
Inductorelement or layers underthe transmission lines , 
which might lead to a deterioration the high frequency 
perfonnance of the high frequency device. 

Sumnrtary of the Invention 



[001 1] In a thin-film capacitor element according to 
the present invention, a lower electrode and a dielednc 
layer are successively stacked over a substrate, the pe- 
riphery of this dielectric layer is covered with an insulat- 
ing layer having an opening, and an upper electrode 
tonned over this Insulating layer is stacked overthe di- 
electric layer within the opening. 
[00121 This configuration, which ensures insulation 
between the lower electrode and the upper electrode by 
the insulating layer covering the dielectric layer, can se- 
curely prevent any drop or fluctuation of the breakdown 
voltage due to inadequate coverage of the dielectric lay- 
er Furthermore, as the opening in the insulating layer 
determines the capacitance of the capacitor, flurtua- 
tions in capacitance can be reduced Irrespective of the 
accuracy of the lower electrode and the upper electrode 
in size and alignment. 

[0013] In the above-described configuration, itispret- 
erable to form the insulating layer of a photosensitive 
resist. The formation of the insulating layer of a photo- 



sensitive resist makes possible highly accurate fonna- 
tion of the opening and more effective reduction of ca- 
pacitance fluctuations. 

[0014] In the above-described configuration, though 
5 it is sufficient to form the dielectric layer at least overthe 
surface of the lower electrode, it is possible to form the 
dielectric layer continuously from the top and side faces 
of the lower electrode to the substrate, and in this case, 
as the lower electrode and the upper electrode are in- 
to sulated by two layers , i.e. the dielectric layer arid the 
insulating layer, even if tiie coverage of the dieectnc 
layer is inadequate in the level gap of the lower elec- 
trode any drop or fluctuation of the breakdown voltage 
can be securely prevented in spite of this inadequate 

f5 coverage. ^ m 

[0015] Alternatively, it is also possible to fomi the di- 
electric layer only overthesurface of the lower electrode 
and part ot the insulating layer from the periphery of the 
dielectric layer to over the substrate . Although in this 
20 case insulation between the lower electrode and the up- 
per electrode is accomplished by the insulating layer 
alone, the formation of part of the insulating layer directly 
over the substrate can enhance the tightness of the ad- 
hesion of the insulating layer. 
25 [00161 In the electronk: circuit board according to the 
invention, an insulating layer is fonned over part of an 
alumina substrate, and a capacitor element consis ing 
of a lower electrode, a dielectric layer and an upper elec- 
trode stacked successively is fonned overthis insulating 

30 layer, and at least an inductor element and a transmis- 
sion line are formed, each in a filmy state, overthe alu- 

mina substrate. j - »u- 

rooiTl Inthe electronk: circuitboardconfigured in this 

manner, as fine ups and downs on the surface of the 
35 alumina substrate are evened out by the insulating layer 
the breakdown voltage of the capacitor element formed 
in afilmy state overthe insulating can be preventedf rom 
dropping. Furthermore, as the insulating film which suf- 
fers a great dielectric loss does not adversely affect the 
40 inductor element and the transmission line, the high fre- 
quency performance can be prevented from detenorat- 

[0018] in the above-describedconfiguration. it is pref- 
erable forttie lower electrode and upper electrode of the 
45 capacitor element to overtap each other within the con- 
tour of the insulating layer, and this dispositton can se- 
curely prevent the breakdown voltage of the capacitor 
element from dropping. 

[0019] Further in the above-described configuration. 
50 although it is also possible to pattern glass film coating 
over the whole alumina substrate surface in a desired 
shape as a means to partly form an insulating layeroyer 
the alumina substrate, it is more preferable to omi the 
insulating layer by exposing to light and developing a 
55 positive type photosensitive high molecular film, such 
as a photoresist. In this way, an insulating layer of any 
desired shape can be obtained more simply and yet 
more accurately. 
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[0020J Where the circuit elements in the foregoing 
configuration are to include a resistance element be- 
sides a capacitor element and an inductor element es- 
pecially where a material having a relatively high spe- 
cific resistance, such as TaSiO^. is used as the resist- 
ance layer of the resistance element, it is preferable 
from the viewpoint of preventing deterioration of the high 
frequency perfonnance to form in a filmy state this re- 
sistance layer over the surface of the alumina substrate 
like the inductor element and the transmission line On 
the other hand, where a material having a relatively low 
specific resistance, such as TagN, is used as the resist- 
ance layer of the resistance element, it is preferable to 
fonn in a filmy state this resistance layer over the insu- 
lating layer like capacitor element. In this way, although 
the resistance layer underneath the resistance element 
somewhat deteriorates the high frequency perform- 
ance, the resistance of the resistance element formed 
in a f limy state overthe insulating layercan be prevented 
from fluctuating substantially, because fine ups and 
downs of the alumina substrate are smoothened by the 
insulating layer. 

[0021J An embodiment of the present invention will 
now be described, by way of example only, with refer- 
ence to the accompanying diagrammatic drawings in 
which: ' 



Fig. 1 shows a plan of a thin-film capacitor element 
which is a first preferred embodiment of the present 
invention. 

Fig. 2 shows a section along line 2-2 In Fig. 1 . 
Fig. 3 illustrates a production process of the thin- 
film capacitor element. 

Fig. 4 further illustrates the production process of 
the thin-film capacitor element. 
Fig. 6 shows a section of a thin-film capacitor ele- 
ment, which is a second pretended embodiment of 
the invention. 

Fig. 6 shows a plan of an essential part of an elec- 
tronic circuit board, which is the third preferred em- 
bodiment of the invention. 
Fig. 7 shows a section along line 7-7 in Fig. 6. 
Fig. 8 illustrates the production process of the elec- 
tronic circuit board. 

Fig, 9 further illustrates the production process of 
the electronic circuit board. 

Fig. 1 0 shows a plan of an essential part of an elec- 
tronic circuit board, which is a fourth prefen-ed em- 
bodiment of the invention. 

Fig, 11 shows a section along line 11 -ii in Fig. lo 
Fig. 1 2 shows a plan of a thin-film capacitor element 
according to the prior art. 

Fig. 13 shows a section along line 13-13 in Fig. 12. 

Detailed Description of the Preferred Embodiment 

[0022] To describe a thin-film capacitor element 
which IS a preferred embodiment of the present inven- 



tion with reference to drawings, Fig. 1 shows a plan of 
the first preferred embodiment of the invention, Fig 2 
shows a section along line 2-2 in Fig. 1 . and Figs. 3 and 
4 Illustrate s production process of this thin-film capac- 
^ itor element. 

r0023] As illustrated in Figs. 1 and 2, the thin-film ca- 
pacitor element embodying the invention in this mode is 
configured of a lower electrode 2. a dielectric layers an 
upper electrode 4 and an insulating layer 5 arranged to 
10 intervene between the periphery of the insulating layer 
6 and the upper electrode 4, wherein the upper elec- 
trode 4 is stacked over the dielectric layer 3 within an 
opening 5a formed in the insulating layers. 
[0024] The substrate 1 is made of alumina (of 99.5% 
in punty for Instance) , over which the lower electrode 2 
IS formed of a thin film by sputtering or plating. The lower 
electrode 2 consists of a first lower electrode layer 2a 
and a second lower electrode layer 2b, and Its overall 
thickness is set in a range of 0.5 to 5 ^m with a view to 
20 achieve a high Q value. The first lower electrode layer 
2a is fomned by sputtering Ti/Cu, for instance, on the 
substrate 1 and etching it into a desired pattern shape 
while the second lower electrode layer 2b is fomied by 
plating the surface of the first lower electrode layer 2a 
25 with Cu/Ni for example. 

[0025] Over the lower electrode 2 is formed the die- 
lectric layer 3 in a filmy state. This dielectric layer 3 is 
formed by sputtering or chemically vapor-depositing 
S1O2. forinstance, overthe second lower electrode layer 
30 2b and the substrate 1 and etching it Into a desired pat- 
tern shape. The patterned dielectric layer 3 extends to 
over the substrate 1 via the top face and side faces of 
the lower electrode 2. In this case, as the dielectric layer 
3 IS fomned in the level gap part of the lower electrode 
35 2 (the first lower electrodelayer2a andthe second lower 
electrode layer 2b), the coverage of the dielectric layer 
3 is inadequate in that part. 

[0026] The periphery of the dielectric layer 3. includ- 
ing this part of inadequate coverage, is covered by the 
^o insulating layer 5, and the rest of the dielectric layer 3 
IS positioned within the rectangular opening 5a formed 
in the insulating layer 5. This insulating layers is fonned 
by spin-coating the dielectric layer 3 all over from above 
with a positive type photoresist, for example, and expos- 
45 ing to light and developing the photoresist into a desired 
pattern. The opening 5a is fomned in the patterned In- 
sulating layers. 

[0027] Over the insulating layer 5 is formed the upper 
electrode 4 of a thin film by sputtering or plating, and the 
^o upper electrode 4 is stacked over the dielectric layer 3 
within the opening 6a. This upper electrode 4 consists 
of a first upper electrode layer 4a and a second upper 
electrode layer 4b, and its overall thickness is set in a 
range of 0.5 to 5 ^im with a view to achieve a high Q 
55 value. The first upper electrode layer 4a is fomied by 
• sputtering 7i/Cu, for instance, all over the insulating lay- 
er 5 and etching it into a desired pattern shape, while 
the second upper electrode layer 4b is formed by plating 
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the surface of the first upper electrode layer 4a with Cut 
Ni for example. 

[0028] Next will be described the production process 
of the thin-film capacitor element configured as de- 
scribed above mainly with reference to Figs. 3 and 4. 
[00291 First to form the lower electrode 2, as shown 
In Fig. 3A, films of Ti (0.1 ym) and Cu (0.1 are suc- 
cessively sputtered over the substrate 1 to form a Ti/Cu 
layer followed by spin-coating of a positive type pho- 
toresist (a product of Clariant: AZ-P4620) over this W 
Cu layer. Exposure to light and development of this pho- 
toresist results in a resist pattem of a desired shape as 
shown in Fig. 3B. Next, as illustrated In Fig. 3C. films of 
Cu (3 ^m) and Ni (0.3 are electroplated successive- 
ly to form a Cu/Ni layer over the Ti/Cu layer, followed by 
the formation of the second lower electrode layer 2b by 
peeling off the resist pattem as shown in Fig. 3D. After 
that by dry-etching (milling) the Tl/Cu layer, the lower 
electrode 2 consisting of the first lower electrode layer 
2a and the second lower electrode layer 2b is formed 
over the substrate 1 as illustrated in Fig. 3E. 
[0030] Next to form the dielectric layer 3, an SiOg (0.3 
urn) f ilm is sputtered over the second lower electrode 
layer 2b and the substrate 1 including the level gap part 
of the lower electrode 2, and this SiOg Aim is etched us- 
ing a positive type photoresist (a product of Tokyo Ohka 
Kogyo: OFPR-7450) to fonn the dielectric layer 3 con- 
tinuously to the substrate 1 via the top and side faces of 
the lower electrode 2 as illustrated in Fig. 3F. In this 
case as described above, because the dielectric layer 
3 is fomied in the level gap part of the lower electrode 
2 as well, the coverage of the dielectric layer 3 is inad- 
equate in that part. 

[0031] Then to fomi the insulating layer 5. after spin- 
coating the dielectric layer 3 with a positive type pho- 
toresist (a product of Clanant: AZ-P4620) all over as 
shown in Fig. 3G, the footrest is patterned to a desired 
shape by exposure to light and development as shown 
in Fig 3H, followed by curing (at 240 "C for 60 minutes). 
The result is the insulating layer 5 having the opening 
5a as shown in Rg. 31. As the pattem shape of the in- 
sulating layer 5 in this case is dependent on the preci- 
sion of masking during the exposure of the photoresist, 
the opening 5a can be fonned highly accurately. Since 
the periphery of the dielectric layer 3 Is covered with the 
Insulating layer 5 including its Inadequately covered part 
as described above, the end face of the lower electrode 
2 (level gap part) is covered with two layers, i.e. the di- 
electric layer 3 and the insulating layer 5. 
[00321 Next to fomn the upper electrode 4, as shown 
in Fig. 4A, films of Ti (01 jmi) and Cu (0.1 jim) are suc- 
cessively sputtered all over the insulating layer 5 to fomn 
a Ti/Cu layer, followed by spin-coating of a positive type 
photoresist (a product of Clariant: AZ-P4620) over this 
Ti/Cu layer. Exposure to light and development of this 
photoresist results in a resist pattem of a desired shape 
as shown in Fig. 4B. Then, as illustrated in Fig. 4C, films 
of Cu (3 \un) and Ni (0.3 \im) are electroplated succes- 



sively to form a Cu/NI layer overthe Ti/Cu layer, followed 
by the fomiation of the second upper electrode layer 4b 
by peeling off the resist pattem as shown in Fig. 4D. Fi- 
nally, by dry-etching (milling) the Ti/Cu layer, the upper 
5 electrode 4 consisting of the first upper electrode layer 
4a and the second upper electrode layer 4b is formed 
as shown in Fig. 4E to provide the thin-film capacitor 
element illustrated in Figs. 1 and 2. 
[00331 -Thus, in the thin-film capacitor element, which 
10 is the first preferred embodiment of the invention, as the 
lower electrode 2 and the upper electrode 4 are com- 
pletely insulated from each other by the insulating layer 
5 covering the periphery of the dielectric layer 3, any 
drop orfluctuation of the breakdown voltage can be pre- 
is vented without fail in spite of this inadequate coverage 
of the dielectric layer 3. Therefore. it is made possible 
to achieve a high Q value by Increasing the thicknesses 
of the lower electrode 2 and the upper electrode 4 and 
at the same time to make the shape of the thin-film ca- 
20 pacltor element smaller by reducing the thickness of the 
dielectric layers. Fuithemiore. as the capacitance of the 
capacitor is detemiined by the opening 5a of the insu- 
lating layer 5 (the rectangle of B x C in Fig. i), any fluc- 
tuations in capacitance can be reduced in-espective of 
25 any adverse effects on the upper electrode 2 and the 
lower electrode 4 in size or alignment accuracy by fluc- 
tuations in side etching quantity and etch rate. Moreo- 
ver as a result of the fomiation of the insulating layers 
using a photoresist, the opening 5a of the insulating lay- 
so er 5 can be formed with high precision, making it possi- 
ble to reduce fluctuations in capacitance even more ef- 
fectively . ^, 
[0034] Fig. 5 shows a section of a thin-film capacitor 
element, which is a second preferred embodiment of the 
as invention. This thin-film capacitor element differs from 
the above-described first embodiment in that the dielec- 
tric layer 3 is fonned only over the surface of the lower 
electrode 2, and part of the insulating layer 5 covenng 
the periphery of this dielectric layer 3 is extended to 
40 above *e substrate 1 . The two embodiments are basi- 
cally the same in all the other aspects of configuration. 
[0035] In the thin-film capacitor element configured in 
this way. whereas the insulating layer 5 is formed over 
only the end face (level gap part) of the lower electrode 
45 2. this Insulating layer 5 ensures insulation between the 
tower electrode 2 and the upper electrode 4. resulting 
in a similar effect to that of the above-described first em- 
bodiment. Moreover, as part of the insulating layer 5 can 
be fonned directly over the substrate 1 . the adhesion 
so between the insulating layer 5 and the substrate 1 can 
be made even tighter. 

[0036] Although the lower electrode 2 is formed di- 
rectly over the substrate 1 in both of the embodiments 
described above, the surface of the substrate 1 may as 
55 well be coated with^ap insulating layer to have this insu- 
• lating layer fonned between the lower electrode 2 and 
the substrate 1 . . . 

[00371 Next will be described an electronic circuit 
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board according to the present invention. 
[0038] Figs. 6 and 7 illustrate the electronic circuit 
board in which circuit elements including a capacitor el- 
ement 12. a resistance element 13 and an inductor el- 
ement 1 4 and transmission lines linking these circuit el- 
ements are fomied each In a filmy state over an alumina 
substrate 11 . Many of these circuit elements 12, 13 and 
1 4 and transmission lines 1 5 are fomned in the effective 
area of the alumina substrate 11 according to the re- 
quirements of each particular circuit configuration, and 
Figs. 6 and 7 illustrate only part of them. 
[0039] The surface roughness (Ra) of the alumina 
substrate 11 has ups and downs of about 30 to 100 nm 
and this unevenness is due to the porous sintered ma- 
tenal of the alumina substrate 11 and the resultant ex- 
istence of many fine dents In its surface. Over part of 
the alumina substrate 11 is fomied an insulating layer 
1 6, and the filling of the many fine dents in the surface 
of the alumina substrate 11 with this insulating layer 16 
serves to reduce the surface roughness (Ra) of the in- 
sulating layer 16 to 10 nm or less. The insulating layer 
1 6, consisting of a positive type photosensitive high mo- 
lecular film such as a photoresist, is fonned by exposing 
to light and developing the film to a desired pattem 
shape using a mask. 

[0040] The capacitor element 12 is configured of a 
lower electrode 17, a dielectric layer 18 and an upper 
electrode ig successively stacked over the insulating 
layer 16. within which the lower electrode 17 and the 
upper electrode 19 are caused to overlap each other 
withm the insulating layer 16 to serve as the effective 
area of the capacitor. Herein, if the contour of the insu- 
lating layer 16 proves too large for the effective area of 
the capacitor, the two-dimensional proportion of the in- 
sulating layer 16 in the limited space over the alumina 
substrate 11 will increase, resulting in a contraction of 
the effective area for circuit elements that can befonned 
over the alumina substrate 11 and accordingly in a re- 
duced area efffciency. Conversely, if the contour of the 
insulating layer 1 6 is reduced just to match the effective 
area of the capacitor, there will arise a fear that the ef- 
fective area of the capacitor cannot be formed within the 
contour of the insulating layer 1 6 on account of fluctua- 
tions m the precision of masks to be used at various 
steps to be described below. In view of this risk, in this 
embodiment the contour of the insulating layer 1 6 is set 
to be 1 0 to 1 00 fim greater than the designed value of 
the effective area of the capacitor. 
[0041] Out of the constituent elements of the capaci- 
tor element 1 2, the lower electrode 1 7 is a double struc- 
ture of a first lower electrode layer 17a and a second 
lower electrode layer 1 7b. and its total thickness is set 
within the range of 0.5 to 6 ^m with a view to achieving 
a high Q value. The first lower electrode layer 1 7a con- 
sists of a metallic film of Ti/Cu or the like formed in a 
filmy state by sputtering over the insulating layer 1 6 and 
the second lower electrode layer 1 7b consists of a me- 
tallic film of Cui^i or the like formed In a filmy state by 



plating over the first lower electrode layer 1 7a. The die- 
lectric layer 1 8. consisting of a dielectric film of SiOg or 
the like formed in a filmy state by sputtering or chemical 
vapor deposition (CVD) over the first lower electrode 
^ layer 1 7a of the lower electrode 1 7. covers the level gap 
part of the lower electrode 1 7 (the first lower electrode 
layer 17a and the second lower electrode layer 17b). 
The upper electrode 19 also is a double stmcture of a 
first upper electrode layer 1 9a and a second upper elec- 
10 trode layer 1 9b. and its total thickness is set within the 
range of 0.5 to 5 ^tm with a view to achieving a high Q 
value. The first upper electrode layer 19a consists of a 
metallic film of Ti/Cu or the like formed in a filmy state 
by sputtering overthe dielectric layer 1 8, and the second 
'5 upper electrode layer 1 9b consists of a metallic film of 
Cu/IMi or the like formed In a filmy state by plating over 
the first upper electrode layer 19a. 
[0042] The resistance element 1 3 consists of a resist- 
ance Iayer20and an insulation protective Iayer21 suc- 
^0 cessively stacked over the alumina substrate 11 , and 
both ends of the resistance layer 20 are connected to 
the transmission line 15. The resistance layer 20 con- 
sists of a resistant material having a relatively high spe> 
cific resistance, such as TaSiOa, and is formed in a filmy 
state by sputtering over the alumina substrate 1 1 . The 
insulation protective layer 21, consisting of a positive 
type photosensitive high molecular film such as a pho- 
toresist, is formed so as to cover the surface of the re- 
sistance layer 20. As will be described later, the insulat- 
30 ing layer 16 underneath the capacitor element 12 and 
this insulation protective layer 21 are formed at ttie same 
step. 

[0043] The Inductor element 1 4 is configured of a con- 
ductor film 22 fomried In a filmy state over the alumina 
35 substrate 11 and a bonding wire 23 connecting its two 
ends, which are connected to the transmission line 15. 
The conductor film 22, fonned In a rectangular spiral 
shape, is a double stmcture of a first conductor layer 
22a and a second conductor layer 22b. The transmis- 
40 sion line 1 5, too, is a double structure of a first conductor 
layer 1 5a and a second conductor layer 1 5b. and these 
conductorfilm 22 and transmission line 15 consist of re- 
spectively the same materials as the above-described 
lower electrode 1 7 and upper electrode 1 9 of the capac- 
-'^ Itor element 1 2. Thus, the first conductor layers 1 5a and 
22a consist of a metallic film of T^Cu or the like formed 
in a filmy state by sputtering over the alumina substrate 
11 , and the second conductor layers 15b and 22b con- 
sist of a metallic film of Cu/Ni or the like formed In a filmy 
^0 state by plating over the first upper conductor layers 15a 
and 22a. 

[0044] Next will be described the production process 
of the electronic circuit board configured as described 
above, mainly of the capacitor element 12 and the re- 
55 sistance element 13, with reference to Figs. 8 and 9. 
[0045] First a film of TaSiOg is fomied by sputtering 
over the alumina substrate 1 1 , and a rectangular resist- 
. ance layer 20 is fonned over the alumina substrate 11 
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as shown in Fig. 8A by etching the film by H\£ after pat- 
terning a photoresist. As TaSiOg is a resistant material 
having a relatively high specific resistance, a desired 
level of resistance can be achieved even if the resist- 
ance layer 20 Is made thick enough, and the fonnation 
of the resistance layer 20 directly over the alumina sub- 
strate 11 would not invite substantia! fluctuations in re- 
sistance due to fine ups and downs of the surface of the 
alumina substrate 11. 

[0046] Then, from above the resistance layer 20, the 
alumina substrate 11 is spin-coated all over with a pos- 
itive type photoresist (a product of Clariant: AZ-P4620) 
and, after patterning it into a desired shape by exposure 
to light and development using a mask, ft is subjected 
to curing (at 240 *C for 60 minutes) to f omi the insulating 
layer 16 In a prescribed position on the alumina sub- 
strate 11 as shown in Fig. 8B. At the same time, the In- 
sulation protective Iayer21 is fomned overthe resistance 
layer 20. 

[0047] Next, as shown In Fig. 8C, from above the in- 
sulating layer 16 and the insulation protective layer 21 
films of Ti (0.1 ^im) and Cu (0.1 ^m) are successively 
sputtered all overthe alumina substrate 11 , followed by 
spin-coating of a positive type photoresist (a product of 
Clariant: AZ-P4620) over this Ti/Cu layer. Exposure to 
light and development of this photoresist results in a re- 
sist pattern of a desired shape as shown in Fig. 8D. 
Then, as illustrated in Fig. 8E, films of Cu (3 and Nl 
(0.3 \Lrr\) are electroplated successively to fomn a Cu/Ni 
layer over the Ti/Cu layer, followed by peeling off the 
resist pattern as shown in Fig. 8F. further followed by 
dry-etching (milling) theTi/Cu layer. This results in the 
formation of the lower electrode 1 7 consisting of the first 
lower electrode layer 17a and the second lower elec- 
trode layer 1 7b over the alumina substrate 1 1 as shown 
in Fig. 8G, and at the same time the transmission line 
15 (the first conductor layer 15a and the second con- 
ductor layer 15b), which is the guiding pattern of this 
lower electrode 17, is also fonned. 
[0048] Then , from over the lower electrode 1 7 and the 
insulation protective layer 21 Is fonned an SlOg layer 
(0.3 |im) by sputtering and, by etching this SiOg layer by 
RIE after the patteming of a positive type photoresist (a 
product of Tokyo Ohka Kogyo: OFPR-7450), the dielec- 
tric layer 18 continuous from the top and side faces of 
the lower electrode 17 and the alumina substrate 11 is 
fomied as illustrated in Fig. 9A. 

[0049] Next, as shown in Fig. 9B, from above the di- 
electric layer 18 and the insulatton protective layer 21 
films of Ti (0.1 and Cu (0.1 ^m) are successively 
sputtered to form a Ti/Cu layer, followed by spin coating 
of a positive type photoresist (a product of Clariant: AZ- 
P4620) over this Ti/Cu layer, and this photoresist Is ex- 
posed to light and developed to fonn a resist pattern of 
a desired pattern as shown in Fig. 9C, Further, as illus- 
* trated in Fig. 9D. films of Cu (3 ^m) and Ni (0.3 ^im) are 
successively formed over the Ti/Cu layer by electroplat- 
ing to form a Cu/NI layer, followed by peeling off the re- 



sist pattern as shown in Fig. 9E. Finally, by dry-etching 
(milling) the Ti/Cu layer, the upper electrode 19 consist- 
ing of the first upper electrode layer 1 9a and the second 
upper electrode layer 1 9b is fomned as shown In Fig. 9F. 
5 and at the same time the transmission line 1 5 (the first 
conductor layer 15a and the second conductor layer 
1 5b). which is the guiding pattern of this upper electrode 
19 and the resistance layer 20, is also fomied. 
[0050] To add, although the foregoing description did 
10 not touch on the production process of the inductor el- 
ement 1 3, the conductor film 22 of this inductor element 

1 3 can be formed at the same steps as the upper elec- 
trode 19 and the transmission line 15. Thus, the con- 
ductor film 22 of the inductor element 1 3, consisting of 

15 the first conductor layer 22a and the second conductor 
layer 22b, can be formed overthe alumina substrate 11 
by patterning the Tt/Cu layer and the Cu/Ni layer in a 
desired pattern, using a resist pattern or the like, at the 
steps shown in Figs. 9B through 9F. Therefore, after 
20 forming in afihny state these circuit elements 1 2 through 

14 and the transmission line 15 over the alumina sub- 
strate 1 1 , connecting the bonding wire 23 to the conduc- 
tor film 22 of the inductor element 13 can give the elec- 
tronic circuit board illustrated in Figs. 6 and 7. 

25 [0051] In the electronfo circuit board embodying the 
invention in this mode, the insulating layer 16 fomned 
over part of the alumina substrate 11 smoothens fine 
ups and downs of the surface of the alumina substrate 
1 1 , and the capacitor element 1 2 consisting of the lower 
30 electrode 1 7, the dielectric layer 1 8 and the upper elec- 
trode 1 9 successively stacked over this insulating layer 
16 is formed in a filmy state. As a result, the dielectric 
layer 18 can be tomried in a unrfonn thickness overthe 
lower electrode 17, and the breakdown voltage of the 
35 capacitor element 12 can be thereby prevented from 
dropping. On the other hand, as the resistance layer 20 
of the resistance element 13. the conductor film 22 of 
the inductor element 1 4 and the transmission line 1 5 are 
fonned in a filmy state over the surface of the alumina 
40 substrate 11 where the insulating layer 16 is notfomned, 
the insulating layer 16. whose dielectric loss is signifi- 
cant, does not adversely affect these resistance ele- 
ment 13, inductor element 14 and transmission line 15. 
and the high frequency perfonnance can be thereby pre- 
45 vented from deterioration. 

[0052] Fig. 1 0 shows a plan of an essential part of an 
electronic circuit board, which is another preferred em- 
bodiment of the invention, and Fig. 1 1 shows a section 
along line 1 1 -11 in Fig. 1 0. In these drawings . parts hav- 
50 ing their counterparts in Rgs . 6 and 7 are assigned re- 
spectively the same reference signs. 
[0053] This embodiment differs from the foregoing 
embodiment in that the resistance layer 20 of the resist- 
ance element 13 consists of a material having a rela- 
55 lively low specific resistance, such asTagN, andanother 
insulating layer 1 h is also fomned undemeath this resist- 
ance layer 20. In all other respects, it is basically the 
same as the foregoing embodiment. Thus, the lower 
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electrode 1 7 of the capacitor element 12 and the resist- 
ance layer 20 of the resistance element 13 are formed 
In a filmy state over the insulating layer 1 6 which is par- 
tially fomied over the alumina substrate 11, and other 
elements, i.e. the inductor element 14 and the transmis- 
sion line 1 6, are fomned in a filmy state over the alumina 
substrate 11 . The resistance layer 20 of the resistance 
element 13 consists of a material having a relatively low 
specific resistance, such as TaalM. It is formed by sput- 
tering, after partially fomning the insulating layer 1 6 over 
the surface of the alumina substrate 11 . a TagN film from 
over the Insulating layer 16, and etching It by RIE after 
patteming a photoresist. Although TagN used here is 
significantly lower in specific resistance than TaSiOg 
and the resistance layer 20 is made extremely thin to 
achieve a desired level of resistance, the resistance lev- 
el does not significantly fluctuate because fine ups and 
downs of the surface of the alumina substrate 11 are 
evened out by the insulating layer 1 6 fomied underneafh 
the resistance layer 20. Incidentally, since the resist- 
ance layer 20 is fomied in a filmy state over the Insulat- 
ing layer 16, the Insulation protective layer 21 to cover 
the surface of the resistance layer 20 needs to be 
fomied in a separate process from the insulating layer 

[0054] In the electronic circuit board having such a 
configuration, as the capacitor element 12 and the re- 
sistance element 1 3 are formed in a filmy state over the 
insulating layer 16 partially fonned over the surface of 
the alumina substrate 11 . it is possible to prevent the 
breakdown voltage of the capacitor element 12 from 
dropping. Moreover, in spite of the use of a material hav- 
ing a relatively low specific resistance, such as TasN, for 
the resistance layer 20 of the resistance element 1 3, the 
level of resistance can be prevented from fluctuating. 
Also, though the high frequency perfomnance is some- 
what deteriorated by the insulating layer 1 6 underneath 
the resistance element 13. the high frequency perform- 
ance can be prevented from significant deterioration be- 
cause other elements , i.e. the inductor element 14 and 
the transmission line 1 5, are fonned in a filmy state over 
the alumina substrate 11 and accordingly the Insulating 
layer 16, whose dielectric loss is significant, does not 
adversely affect the inductor element 14 and the trans- 
mission line 15. 

[0055] While, In the above embodiments, the Insulat- 
ing layer 16 is partially fomned over the alumina sub- 
strate 11 by exposing to light and developing a positive 
type photosensitive high molecular film such as a pho- 
toresist, it is also possible to coat the whole surface of 
the alumina substrate 1 1 with a glass film and patterning 
this film In a desired shape to fomi the insulating layer 
1 6. 

[0056] Embodied in the above-described modes, the 
present invention provides the following advantages. 
[0057] Covering the periphery of a dielectric layer in 
a thin-film capacitor element with an insulating layer 
having an opening and stacking an upper electrode over 



the dielectric layer formed in a filmy state over this insu- 
lating layer 1 6 within the opening results in secure insu- 
lation of a lower electrode and the upper electrode by 
the insulating layer covering the periphery of the dlelec- 
5 triclayer.Asaresult,anydroporfluctuationofthebreak- 
down voltage due to inadequate coverage of the dielec- 
tric layer can be prevented without fail. Furthemiore, as 
the opening in the insulating layer detenrnlnes the ca- 
pacitance of the capacitor, fluctuations in capacitance 
'0 can be reduced in-espective of the accuracy of the lower 
electrode and the upper electrode in size and alignment. 
[0058] On the other hand, in an electronic circuit 
board according to the invention, an insulating layer is 
partially fomned over the surface of the alumina sub- 
*5 strate; a capacitor element consisting of a lower elec- 
trode, a dielectric layer and an upper electrode succes- 
sively stacked is fomned in a filmy state over this insu- 
lating layer; and at least an inductor element and a trans- 
mission line are fonned over the surface of the alumina 
^ substrate, each in a filmy state. As a result, because fine 
ups and downs of the surface of the alumina substrate 
are smoothened by the insulating layer, the breakdown 
voltage of the capacitor element fomned in a filmy state 
over the insulating layer can be prevented from drop- 
^5 ping. At the same time, as the insulating layer, whose 
dielectric loss is significant, does not adversely affect 
the inductor element and the transmission line, the high 
frequency perfomnance can be prevented from deterio- 
ration. 

30 

Claims 



1. A thin-film capacitor element wherein a lower elec- 
trode and a dielectric layer are successively 
stacked over a substrate, the periphery of this die- 
lectric layer is covered with an insulating layer hav- 
ing an opening, and an upper electrode formed over 
this insulating layer is stacked over the dielectric 
layer within the opening. 

2. TTie thin-film capacitor element, according to Claim 
1 , wherein the insulating layer is fomned of a photo- 
sensitive resist. 

3. The thin-film capacitor element, according to Claim 
1 or 2, wherein the dielectric layer is fonned contin- 
uously from the top and side faces of the lower elec- 
trode to the substrate. 



40 



45 
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4. The thin-film capacitor element, according to Claim 
2, wherein the dielectric layer is formed only over 
the surface of the lower electrode, and part of the 
insulating layer is fomned from the periphery of the 

^ dielectric layer tb the substrate. 

5. Ari electronic circuit board substrate wherein an in- 
sulating layer is fomned over part of a substrate, and 
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a capacitor element consisting of a lower electrode, 
a dielectric layer and an upper electrode stacked 
* successively is fomr^ed over this insulating layer, 
and at least an inductor element and a transmission 
line are formed, each in a filmy state, over the sub- 5 
strate. 

6 The electronic circuit board, according to Claim 5. 
wherein the lower electrode and upper electrode 
overlap each other within the contour of the insulat- io 
ing layer. 

7. The electronic circuit board, according to Claim 6, 
wherein the insulating layer consists of a photosen- 

sitive high molecular film. 

8. The electronic circuit board, according to Claim 7, 
wherein a resistance element is further fomned in a 
filmy state over the surface of the substrate. 

9. The electronic circuit board, according to Claim 8, 
wherein the resistance element consists of TagN. 
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